The objective of this study was to examine whether patient income has an impact on likelihood of being prescribed an antimicrobial agent at the county level. A better understanding of factors that influence antimicrobial prescription is needed to efficiently mitigate rates of antimicrobial agents prescribed.
Introduction
The World Health Organization (WHO) has recognized antimicrobial resistance as a leading threat to public health [1] and links adverse health outcomes related to antimicrobial resistant bacteria and antimicrobial agent consumption. [2] The Centers for Disease Control and Prevention (CDC) reported that over 50% of antimicrobial agents prescribed in the United States are not correctly prescribed. [3] Also, several studies have confirmed higher rates of resistance in countries that have higher antimicrobial use. [4] [5] [6] [7] The findings from these studies support the conclusion that the misuse and overuse of antimicrobial agents is a leading cause in the emergence of antimicrobial resistant bacteria. [8, 9] We need a better understanding of factors that influence antimicrobial prescription to inform approaches targeting antimicrobial stewardship. Sociodemographic factors influence the care demand, access, delivery, and overall health outcomes, [10] placing low-income populations at considerably greater risk of healthcare inequities when compared to higher income individuals. [11] While research has shown an association between income inequality and antimicrobial resistance, [12] [13] [14] little research exists which examines the role income has on antimicrobial agent prescription rate.
The prescription of antimicrobials is influenced by several factors, including: background of country, clinical autonomy, patient's cultural beliefs and demands, the background of the prescriber, and general sociocultural factors. [15] However, the role patient income has on being prescribed an antimicrobial has been rarely studied. This study applied a syndemic framework [16] to hypothesize that the prescription rates of antimicrobials is correlated with socioeconomic factors. [12] [13] [14] An examination of this relationship is vital to suggest effective public health intervention. The purpose of this study, therefore, was to examine the relationship between antimicrobial agent prescription rates and income.
Methods
This cross-sectional study used data from two publicly available datasets. Datasets included the Medicare Provider Utilization and Payment Data: Part D [17] and the American Community Survey (ACS) from US Census Bureau. [18] The study utilized aggregate prescription data and did not require IRB approval.
Rates of antimicrobial agent claims at the county level
The primary outcome variable of interest in this study was the percentage of outpatient antimicrobial agent claims prescribed per 10,000 people in a county. This estimate was done using the 2015 Medicare Part D Prescriber Public User File (PUF). Medicare Part D provides outpatient prescription drug coverage for disabled and elderly people. [19] Medicare Part D Prescriber PUF contains information on prescription drug counts from 36 million Medicare beneficiaries with a part D prescription drug plan including people who are dual eligible. [17] We isolated information related to antimicrobial agents and defined the outcome variable as the total claims of antimicrobials, including refills, from providers listed in the PUF. These data allowed us to obtain the number of antimicrobial claims given by prescribers. We then summarized claims by the provider's zip code. Finally, we matched each zip code with its corresponding county to summarize claims per county. To estimate the antimicrobial prescription rate, we summarized antimicrobial prescription drug claims per county, divided by county population, and multiplied by 10,000.
Demographic variables
The primary exposure variable of interest was patient income. We assessed this using estimated income levels reported for counties within the 2012-2016 American Community Survey (ACS) 5-year estimate dataset. [18] Income was obtained for each county from the 2012-2016 ACS 5-year estimates, a component of the publicly available data provided by US Census Bureau. [18] Income was examined at the county level and assigned specific median income ranges. [20] Annual household income was grouped into the following brackets: $24,999 or less, $25,000-$34,999, $35,000-$64,999, and $65,000 or more.
We further examined the association other sociodemographic characteristics have with antimicrobial prescription rate. The ACS was used to obtain additional sociodemographic information. [18] The following explanatory variables were included in our analysis: first, age, second, percentage of males, and third, percentage of white population.
The number of antimicrobial agents prescribed has been shown to vary according to age group. [21] Age was grouped into seven brackets (age: 5-17, 18-24, 25-44, 45-54, 55-64, 65-74, 75, and so on) to examine antimicrobial rates for several age ranges. Previous reports suggest that women are more likely to be prescribed antimicrobials than men. [21] Therefore, men were examined with women used as the reference group. Little literature exists that examines the role race has on prescription rates. However, recent studies have shown that white patients are more likely to be prescribed antimicrobials. [22, 23] Thus, for the purposes of this study, white individuals were used as the reference group.
The analysis of this study is limited to counties in the United States who had available data containing information on levels of income and the number of antimicrobial agents prescribed. Of the counties (n = 3,141) in the 50 states and District of Columbia, 807 counties included data on number of antimicrobial prescriptions and sociodemographics of interest and were therefore included in our eligible sample.
Analysis
The county population was used as a weight for study analysis to account for oversampling. Descriptive statistics and bivariate correlations were utilized for all study variables. This study utilized linear regression analyses to strongly assess the association between our variables and to identify potential confounders. We standardized beta to determine appropriate coefficient values. Linear regression analyses examined relationships between patient income and rate of antimicrobial agents prescribed. A univariable regression was used to determine the unadjusted relationship between income and antimicrobial prescription rates. Multivariable linear regressions were completed to examine a cross-tabulation of the outcome, age, gender, and race by the exposure (Table 1 ). For analyses, statistical normality (Shapiro-Wilk) tests were performed to verify the statistical test assumptions. A P value of < .05 was used to indicate statistical significance and statistical tests were twosided. All statistical analyses were performed using Stata 14.0 [24] and accounted for complex survey design. We also conducted a hot spot analysis to obtain a visual relationship of counties and antimicrobial prescription rate on a national level. Values in the analysis represent z-scores, with positive z-scores indicating hot spots and negative z-scores indicating cold spots.
Results
We analyzed 54,382,436 prescriptions reported by health providers in the 2015 Medicare Part D dataset, that were prescribed in 807 counties to nearly 36 million beneficiaries. After stratifying for income and relevant variables, we determined the overall average annual antimicrobial prescription rate to be 1.30 claims per beneficiary that received a prescription for an antimicrobial agent.
A univariable linear regression was first performed to examine the relationship between the main exposure and outcome of interest. Income was broken down into four ascending brackets of monetary amounts and served as our proxy for socioeconomic status. All income brackets showed statistical significance with a prediction, P < .05 (Table 2) . In a county level, 26% of the variation in antimicrobial agent rate was associated with income (P model < .001, R 2 = 0.26). Table 1 Summary of variables used in study analysis. Interestingly, the coefficient for each income bracket tended to lower given increase in income. An overall trend was noted in the brackets revealing that as income increased, the correlation with rate of antimicrobial prescription decreased (Fig. 1 ). Our lowest income bracket ($24,999 or less) yielded a 0.21 increase in the total antimicrobial prescription rate per 1 SD increase in percentage of individuals included in this income in a given county. At the county level, the coefficient nearly halved to 0.11 for an increase in percentage of individuals in our highest income bracket ($65,000 or more). Meaning that a 1 SD increase in percentage of individuals in a given county whom reported an income of $65,000 or more yielded only a 0.11 increase in total antimicrobial prescription rate.
Additional univariable linear regressions were performed to identify other sociodemographics that were believed to be significantly associated with antimicrobial prescription rates. The number of antimicrobials prescribed were seen to be positively associated with age and race (% of white population). For our analysis, age was ordered into seven ascending range brackets. Conversely, a negative association was found related to the number of antimicrobial prescribed and gender (% of male population). Multivariable linear regressions at the county level were then performed with the significant predictors to evaluate for potential associations between antimicrobial prescription rate and income, At the county level, 37% of the variation in antimicrobial prescription rate was explained income and age (P model < .001, R 2 = 0.37). Multivariable analysis revealed the seven age brackets to add statistical significance to the prediction, P < .05. However, only two of the income brackets ($24,999 or less and $35,000- Table 2 Univariate linear regression analysis of total antibiotic prescription rate with income at the county level.
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P (Table 3 ). Similar to the univariable regression done examining income, the coefficients of the income brackets decreased as the income range increased. Given age constant, a 1 SD increase in percentage of persons in a given county whom reported an income of $24,999 or less yielded a 0.12 increase in total antimicrobial prescription rate.
As in the univariate analysis, age positively associated with antimicrobial prescription rate. When examining age and income in multivariable analysis, results indicated the strongest positive association to be for those aged 18 to 24. We found that a 1 SD increase of individuals in this age range in a county yielded a 0.76 increase in total antimicrobial prescription rate. The coefficient of Table 3 Multivariate linear regression analysis of total antibiotic prescription rate with sociodemographics at the county level.
P We then examined antimicrobial prescription rates given income, age, and gender (% of male population). The gender variable added statistical significance to the prediction, P < .05 while all of the age variables and three of the income variables ($24,999 or less, $25,000-$34,999, and $35,000-$64,999) continued to provide statistical significance (Table 3) . At the county level, 43% of the variation in antimicrobial rate is explained by income, age, and gender (P model < .001, R 2 = 0.43). The most significant association was again seen to be for those in our lowest income bracket. More specifically, with gender and age constant, a 1 SD increase in percentage of individuals in a county with an income of $24,999 or less yielded a 0.11 increase in total antimicrobial prescription rate. As seen in the univariate analysis, gender was negatively associated with rate of antimicrobial prescription. When included in multivariable analysis, results found an increase of 1 SD in % of males in a county to yield a 0.2 decrease in antimicrobial prescription rate.
Moreover, we performed a multivariable linear regression that examined antimicrobial prescription rates given income, age, gender, and race (% of white population). At the county level, 48% of the variation in antimicrobial rate can be explained by these sociodemographics (P model < .001, R 2 = 0.48). Race was seen to reduce the heterogeneity of prediction, P < .05. However, the only additional variables that further helped discriminate findings were gender and a reported income of $65,000 or more (Table 3) . Notably, white individuals were found to have a 0.35 increase in antimicrobial prescription rate per 1 SD increase in percentage of white populace in a county.
By our third regression, the remaining statistically significant income brackets lost their positive relationship with our main exposure of interest. However, with the addition of race in multivariable analysis, results determined a negative association concerning antimicrobial prescription rate and our highest income bracket. At the county level, this analysis determined that with gender, race, and age held constant, a 1 SD increase in percentage of individuals with an income of $65,000 or more in a county yielded a decrease of À0.15 in total antimicrobial prescription rate.
While the lowest income bracket lost its significance in this regression, the reemergence of significance for the highest income bracket warrants further examination. An income of $65,000 or more was the bracket which lost significance in our previous multivariable analyses. Unlike other income brackets ($25,000-$34,999 & $35,000-$64,999), the highest income bracket did not regain significance in the multivariable regressions concerning age and gender. However, with the addition of race in analysis, the ≥$65,000 bracket was the only income range to have a significant association. Further, the association was found to have a negative relationship with antimicrobial prescription rate. This differed from the positive relationship that was yielded in the initial univariate linear regression on income.
Finally, we examined the remaining significant variables (Table 3) . At the county level, 44% of the variation in antimicrobial prescription rate was explained by gender, race, and an income of $65,000 or more (P model < .001, R 2 = 0.44). Race was still seen to be positively associated with antimicrobial prescription rate whereas gender and an income of $65,000 or more continued to be negatively associated. This analysis indicates that, given race and gender constant, a 1 SD increase in percentage of individuals with an income of $65,000 or more in a given county yielded a À0.17 decrease in rate of antimicrobials prescribed.
The findings from the hot spot analysis were visually apparent (Fig. 2) . From a national perspective, we see that the Southwest and Rocky Mountain region of the United States were mostly determined to have a nonsignificant relationship between rates of antimicrobial prescriptions and county cluster. However, we found a cluster of counties with low (cold spots) antimicrobial prescription rates in the Northeast and the Pacific Coast that were highly significant. Conversely, we determined a highly significant cluster of counties with high (hot spots) antimicrobial prescription rates primarily in the Southeast. The hot spot analysis suggests that the Southeast region of the United States is most likely to have a large cluster of counties with high rates of antimicrobial prescriptions.
Discussion
Our study combined data from the Medicare Part D PUF and US Census Bureau to further examine a potential relationship. Results found patient income to account for a considerable amount of the variation in antimicrobial prescription rate at the county level. For this study, we examined income in four ascending ranges of monetary values. The coefficients in income brackets generally decreased given higher income bracket. Given previous research showing an association between income inequality and antimicrobial resistance globally, [12] [13] [14] we predicted a higher antimicrobial prescription rate for individuals of lower income. Our findings also revealed rates of antimicrobial prescriptions in a given county correlate with age and race (% white) of patients but negatively correlate with gender (% male) of patients. Additionally, analysis showed with these age, race, and gender held constant, that as the percentage of individuals in a county with an income of at least $65,000 increases, the rates of antimicrobial prescriptions decreases.
This analysis demonstrates the importance patient income has on rates of antimicrobial prescriptions. Prior to this study, the association between income and antimicrobial prescription rate in the United States had not been examined in such a large level. The main finding from this study provides new insight as to sociodemographic relationship related to antimicrobial agent prescribing. A better understanding as to how antimicrobials are prescribed can help focus policies that moderate antimicrobial prescription rates effectively.
We may partially explain this finding by using a syndemic model of health. Typically, a person's likelihood of disease decreases as their income increases. [25] Health is consistently worse for those of lower income with research showing that people with a higher SES report fewer adverse health outcomes than those of lower SES. [26] The syndemic framework hypothesizes that health consists of interactions involving the environment, social factors, and negative effects of disease interaction. [16] Using a syndemic approach, individuals of lower income may be at higher need of antimicrobials compared to individuals of higher income because they are more likely to seek medical treatment in which antimicrobial agents are typically prescribed.
The multivariable linear regressions performed using age differed from consistent findings in previous literature. Typically, the elderly have a higher likelihood of being prescribed antimicrobials. [21] However, this study found that counties with 98:22 www.md-journal.com a higher percentage of individuals aged 18 to 24 had the highest increase in total antimicrobial prescription rate compared to those of all other age groups in a county. Further, the second highest age groups were those aged 25 to 44. This study finding may relate to research showing that the highest percentage of unnecessary antimicrobial prescriptions are for individuals in these age ranges. [27] This study provided interesting findings related to race. While previous research has found individuals from disadvantaged areas, identify as a minority, or are older, are groups that are more often prescribed antimicrobial agents, [28] more recent research has found that white individuals are more likely to be prescribed such agents. [22, 23] Our study determined that an increase in percentage of white individuals in a county was associated with an increased risk of being prescribed antimicrobial agents when compared to individuals of other racial backgrounds. One possible explanation for the observation of greater antibiotic use among whites could be because of greater access to healthcare due to insurance status. In US, whites are more likely than any other racial or ethnic group to have health insurance. [29] These disparities extend to the Medicare dataset used as white individuals comprise 76% of Medicare beneficiaries. [30] Further, a recent study found that racial minorities who have Medicare are less likely to utilize health services. [31] Gender has been associated with differences in outpatient drug prescriptions. [32] Our findings determined that an increase in percentage of men in a county resulted in a lower likelihood of being prescribed an antimicrobial agent. This finding matches well with a recent meta-analysis that determined women received a significantly higher number of prescriptions of outpatient antimicrobial agents compared to men. [32] This disparity in prescribing is predicted to be primarily due to behavioral and social differences. Research has shown that men have a higher reluctance to attend health appointments and engage in health behaviors. [33] A gap in seeking treatment makes men less likely to receive an antimicrobial prescription. Additionally, women are at increased risk of certain infectious conditions such as a urinary tract infection. [32] Our hot spot analysis provides a national visual of the substantial geographic variation in antimicrobial prescription rates. The Southeast region had a large cluster of counties with a high rate of antimicrobial prescriptions. This is relevant to our main study finding as the highest incidence of poverty in the United States is concentrated in this region. [34] Moreover, the Northeast and the Pacific Coast were likely to have high cluster of counties with lower antimicrobial prescription rates. The Northeast result is of particular importance as this is the region that has the greatest number of high-SES counties in the United States. [35] Limitations exist with the datasets used for the purposes of this study. Our cross-sectional study design is limited due to the inability to establish a temporal relationship between the exposure and outcome and difficulty in controlling additional confounding. However, our study inferred that the sociodemographics examined in this study will persist overall beyond the study's conclusion. A specific limitation for this study involved the being unable to account for individuals who receive health treatment in counties other than the county they reside in. Further, the data used in this study relied on self-reported measures, including information on income. A common problem in survey research is the overestimation of income. [36] Therefore, the number of income brackets may be overestimated with the data on people in the lowest income bracket being most distorted. While the final models included three variables for analysis, there is the possibility of other variables contributing to rates of antimicrobial agents prescribed. Also, the findings from this study lack the ability to be generalizable given data from individual cases was not available for analysis. Instead, the study relied on data collected at the county level. Additionally, the data are limited to the years 2012-2016 for the sociodemographic data and 2014-2015 for the Medicare data and may not accurately represent the general populace. However, the Medicare data used on antimicrobial agent claims includes information on Part D beneficiaries, who comprise nearly twothirds of those who received Medicare and comprise 15% of the total US population. [37] Additionally, this study was one of the first to utilize national data to examine antimicrobial rates at the county-level. Moreover, the data examined in this study were collected by trained interviewers and is likely to be reliable.
Conclusion
Examining the way that antimicrobial agents are prescribed is a prudent step in addressing the crisis of antibiotic resistance. Antimicrobial prescriptions are increasing annually in the United States [3] and the findings from this study are thus likely to intensify. Future research should pay particular attention to the long-term outcomes of individuals from the sociodemographics at increased risk found in this study. This research can help determine whether these individuals are in fact at greater risk for the negative outcomes associated with antimicrobial resistant bacteria. Our findings suggest that specific sociodemographics are more likely to receive antimicrobial prescriptions. Stakeholders should consider our study results when attempting to implement antimicrobial stewardship programs to effectively minimize inappropriate prescription rates. Moreover, our findings suggest that specific geographic areas may benefit more from implementation of such stewardship programs. This study determined an existing inequity that may ultimately lead to poorer health outcomes for individuals of particular sociodemographics. Therefore, it is prudent that the findings from this study are further examined to suggest appropriate health policy.
This study was one of the first to show an association between patient income and antimicrobial prescription rate and found a county-level association between lower income and rate of antimicrobial prescriptions. We also determined the Southeast to be the region at highest risk of having a high rate of antimicrobial prescriptions. Findings from this study can help guide intervention efforts which aim to minimize the number of inappropriate antimicrobials prescribed, such as antimicrobial stewardship programs. Effective interventions have the capability of decreasing levels of inappropriate antimicrobials prescribed and prevent future cases of resistance.
